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Description 

Technical Field 

5 [0001] The present invention relates to an antenna control system and control method for establishing communication 
with, stationary targets such as stationary satellites of which the positional infomnation is known and/or, moving targets 
such as non-stationary satellites of which the movement infomnation Is known. 

Background Art 

10 

[0002] Conventionally, various antenna control systems and control methods for establishing communication with, 
stationary targets such as stationary satellites of which the positional information is known and/or, moving targets such 
as non-stationary satellites of which the movement infomnation is known, are available. 

[0003] A conventional antenna device is comprised of, for example, an elevation adjustment mechanism 243 and 
15 an azimuth adjustment mechanism 244, as shown in Fig .22, Using the elevation adjustment mechanism 243 and 
azimuth adjustment mechanism 244 the elevation and azimuth of antenna 241 are adjusted so that the antenna 241 
can be pointed towards an arbitrary direction with respect to a pedestal 242. 

[0004] That is, in the conventional antenna device, a total of two axes are used to point the antenna 241 at a com- 
munication target. So, when telecommunication needs to be established concurrently with a plurality of communication 
20 targets, generally as many antenna devices as the number of the communication targets have to be used. 

[0005] Setting a multiple number of antenna devices not only needs a large space for installation but also suffers 
from the problem that some antennae may disturb the communications of others, depending on the relationship between 
the positions of the antennae and the direction of the communication targets. 

[0006] More specifically, as shown in Fig. 23, In an antenna system having a multiple number of antennae 12a, b 
25 mounted on a rotary table 11 capable of rotating about an axis, when two antennae 12 are caused to acquire a com- 
munication target 21 at the same time, the front antenna 12b may obstruct the rear antenna 12a as shown in Fig. 24 
snd the trCttSiTilcCiOn and/cr reception level of the rear antenna ms*' be de'^rsded. 

[0007] As a method for solving this problem, Japanese Patent Application Laid-open Hei 9 No. 2470 70 discloses a 
technology in which rotary table 11 is turned so that the front antenna will not obstruct the rear antenna. 
30 [0008] The technique disclosed in Japanese Patent Application Laid-open Hei 9 No.24707O, however, needs com- 
plicated control because the axis for turning the rotary table 11 should be added and further has drawbacks such as 
enlargement of the antenna system, Increase in price, increase in weight. Increase In time and labor for transportation 
and installation. 

[0009] In order to solve the above problem, an antenna device shown in Fig.1 can be considered. 

3S [0010] Specifically, the antenna device shown in Fig.1 is comprised of first and second amis 31 and 32. which are 
arranged in parallel and in a non-opposing manner on the same plane, respectively having axes C1 and C2 along the 
same direction, a first antenna 33 which is supported by first amn 31 so that the attitude can be directed arbitrarily with 
respect to the axis C1 , a second antenna 34 which is supported by second arm 32 so that the attitude can be directed 
arbitrarily with respect to the axis C2, a first rotating mechanism 35 for rotating first antenna 33 about axis CI , a second 

40 rotating mechanism 36 for rotating second antenna 34 about axis C2, an arm elevation adjustment mechanism 37 for 
common adjustment of first anm 31 and second ami 32 and an arm azimuth adjustment mechanism 38 for common 
adjustment of first arm 31 and second arm 32. 

[001 1] This antenna device is characterized that the number of concun-ent communication targets is limited to two 
or below and the two antennae share two common axes so that the number of axes can be reduced compared to the 

45 configuration where antennae are placed on the base table. 

[001 2] Nevertheless, since the antenna device shown in Fig.1 is configured so that the two antennae share two axes, 
there is a problem that the direction control method for conventional antenna cannot be applied as is. 
[0013] The present invention has been proposed under the above circumstances, it Is therefor an object of the present 
invention to provide an antenna control system and control method for use in an antenna device that implements 

50 concurrent communication with amultiple number of communication targets, the system being able to be reduced in 
manufacturing cost with easy transportation and installation without increase in system size and weight. 

Disclosure of Invention 

55 [001 4] The antenna control system and control method accordingto the present invention have the following features 
in order to attain the above object. 

[0015] To begin with, the first aspect of the present invention resides in an antenna control system for use in a 
communication system made up of combination of an antenna device and communication targets, the antenna device 
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of which the positional information being known, connprising: 

first and second arms, which are arranged in parallel and in a non-opposing manner on the same plane, respectively 
having axes C1 and C2 along the same direction; 
5 a first antenna which is supported by the first ami so that the attitude can be directed arbitrarily with respect to the 

axis C1; 

a second antenna which is supported by the second arm so that the attitude can be directed arbitrarily with respect 

to the axis C2; 

a first rotating mechanism for rotating the first antenna about the axis C1 ; 
10 a second rotating mechanism for rotating the second antenna about the axis C2; 

an arm elevation adjustment mechanism for common adjustment of the first ami and second arm; and 
an arm azimuth adjustment mechanism for common adjustment of thefirst arm andsecond arm, the communication 
targets Including two communication targets T1 andT2 of which the positional information or movement information 
is known, the antenna control system comprising: 

15 

a first rotational angle detecting means for detecting the rotational angle of the first rotating mechanism; 
a first rotating mechanism control means for controlling the first rotating mechanism; 

a second rotational angle detecting means for detecting the rotational angle of the second rotating mechanism; 
a second rotating mechanism control means for controlling the second rotating mechanism; 
20 an elevation detecting means for detecting the elevation angle of the arm elevation adjustment mechanism; 

an arm elevation adjustment mechanism control means for controlling the amn elevation adjustment mecha- 
nism; 

an azimuth detecting means for detecting the azimuth angle of the amn azimuth adjustment mechanism; 
an arm azimuth adjustment mechanism control means for controlling the anm azimuth adjustment mechanism; 
25 a means D for calculating the plane P containing a triangle defined by the two communication targets T1 and 

T2 and the installed position of the antenna device, based on the installed position of the antenna device, 
represented by the latitude, longitude and height and the positional infomnation of the two communication 
targets T1 and T2; 

a means E1 for calculating the elevation angle ^ of the first and second anns when they orthogonally intersect 
30 the plane P, based on the calculation result from the means D; 

a means E2 for calculating the azimuth angle G of the first and second amis when they orthogonally intersect 
the plane P. based on the calculation result from the means D; 
a means F1 for calculating the required angle of rotation 

RB of axis B that is orthogonal to the axes C1 and C2 so that the elevation angle of the first and second amns 
35 will be set at <|), based on the current elevation of the first and second anns, detected by the elevation detecting 

means and the calculation result from the means El ; 

a means F2 for calculating the required angle of rotation RA of axis A that is orthogonal to the axis B as well 
as to the axes C1 and C2 so that the azimuth angle of the first and second arms will be set at 6, based onthe 
current azimuth of the first and second arms , detected by the azimuth detecting means and the calculation 
40 result from the means E2; 

a means F3 for calculating the required angle of rotation RC1 of the axis C1 so that the first antenna is pointed 
at the communication target T1 when the elevation angle and azimuth angle of the first and second arms are 
set at (|> and at 6; and 

a means F4 for calculating the required angle of rotation RC2 of the axis C2 so that the second antenna is 
45 pointed at the communication target T2 when the elevation angle and azimuth angle of the first and second 

arms are set at <t> and at 6, 

characterized in that, based on the calculation results from the means F1 , F2, F3 and F4. the elevation adjustment 
mechanism, the azimuth adjustment mechanism, the first rotating mechanism and the second rotating mechanism are 
50 controlled so that the first antenna and the second antenna can be pointed towards the communication targets T1 and 

T2, respectively. 

[00161 Next, the second aspect of the present invention resides in the antenna control system having the above first 
feature, characterized in that the antenna device further comprises: a first received signal level measuring means for 
measuring the received signal level at the first antenna; and a second received signal level measuring means for 
55 measuring the received signal level at the second antenna and that the timing of start of tracking is detemnined based 
on the received signal levels measured by the first received signal level measuring means and the second received 
signal level measuring means. 

[0017] The third aspect of the present invention resides in an antenna control method for controlling the antenna 
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control system for use in a communication system made up of combination of an antenna device and communication 
targets, the antenna device of which the positional information being known, comprising: 

first and second anns. which are arranged in parallel and in a non-opposing manner on the same plane, respectively 
5 having axes C1 and C2 along the same direction; 

a first antenna which is supported by the first arm so that the attitude can be directed arbitrarily with respect to the 
axis 01; 

a second antenna which is supported by the second amn so that the attitude can be directed arbitrarily with respect 
to the axis C2; 

10 a first rotating mechanism for rotating the first antenna about the axis CI ; 

a second rotating mechanism for rotating the second antenna about the axis C2; 

an arm elevation adjustment mechanism for common adjustment of the first ami and second arm; and 

an ami azimuth adjustment mechanism for common adjustment of the first arm and second arm. 

15 the communication targets including two communication targets T1 andT2 of which the positional information or move- 
ment information is known, 
the antenna control system comprising: 

a first rotational angle detecting means for detecting the rotational angle of the first rotating mechanism; 
20 a first rotating mechanism control means for controlling the first rotating mechanism; 

a second rotational angle detecting means for detecting the rotational angle of the second rotating mechanism; 

a second rotating mechanism control means for controlling the second rotating mechanism; 

an elevation detecting means for detecting the elevation angle of the ami elevation adjustment mechanism; 

an arm elevation adjustment mechanism control means for controlling the ami elevation adjustment mechanism; 
25 an azimuth detecting means for detecting the azimuth angle. of the ann azimuth adjustment mechanism; ' 

an arm azimuth adjustment mechanism control means for controlling the amn azimuth adjustment mechanism; 

a means D for caicuialing Lhe plane F cunlaifiiiiy a tiianyie uefined by the two communication targets T1 and T2 

and the installed position of the antenna device, based on the installed position of the antenna device, represented 

by the latitude, longitude and height and the positional information of the two communication targets T1 and T2; 
30 a means E1 for calculating the elevation angle ^ of the first arid second amns when they orthogonally intersect the 

plane R based on the calculation result from the means D; 

a means E2 for calculating the azimuth angle G of the first and second amns when they orthogonally intersect the 
plane P, based on the calculation result from the means D; 

a means F1 for calculating the required angle of rotation RB of axis B that is orthogonal to the axes C1 and C2 so 
35 that the elevation angle of the first and second anns will be set at (j). based on the current elevation of the first and 

second arms, detected by the elevation detecting means and the calculation result from the means El; 
a means F2 for calculating the required angle of rotation RA of axis A that is orthogonal to the axis B as well as 
to the axes C1 and C2 so that the azimuth angle of the first and second amns will be set at 9, based on the current 
azimuth of the first and second amis, detected by the azimuth detecting means and the calculation result from the 
40 means E2; 

a means F3 for calculating the required angle of rotation RC1 of the axis C1 so that the first antenna is pointed at 
the communication target T1 when the elevation angle and azimuth angle of the first and second arms are set at 
<t> and at 6; and 

a means F4 for calculating the required angle of rotation RC2 of the axis C2 so that the second antenna is pointed 
45 at the communteation target T2 when the elevation angle and azimuth angle of the first and second amns are set 

at (|> and at 6, 



the antenna control method comprising: 

so a step of calculating the plane P1 containing a triangle defined by the two communication targets T1 and T2 aind 

the installed position of the antenna device, using the means D; 

a step of calculating the elevation angle 4)1 and azimuth angle 61 of the first and second amns when they orthog- 
onally intersect the plane PI based on the calculatiori result from the means D, using the means El and E2; 
a step of actuating the elevation adjustment mechanism and azimuth adjustment mechanism so that the direction 
55 of the first and second amns represented by the elevation angle <|)1 and the azimuth angle G1 will orthogonally 

intersect the plane PI , based on the calculation results from the means El and E2; and 

a step of actuating the first rotating mechanism and the second rotating mechanism so that the first antenna and 
the second antenna will be pointed toward respective communication targets T1 and T2, based on the calculation 
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results from the means E3 and E4, whereby the first arm and the second arm and each of the antennae are moved 
to point the antennae toward the communication targets T1 and T2. 

[0018] Next, the fourth aspect of the present invention resides In the antenna control method having the above third 
5 feature, wherein the antenna includes: a first received signal level measuring means for measuring the received signal 
level at the first antenna; and a second received signal level measuring means for measuring the received signal level 
at the second antenna, the method further comprising a step of maintaining the received signal level by starting a 
tracking operation when the received signal level measured by either the first received signal level measuring means 
or the second received signal level measuring means becomes lower than the predetermined reference value for 
10 actuating a tracking operation. 

[001 9] The fifth aspect of the present invention resides in the antenna control method having the above third feature, 
wherein the antenna includes: a first received signal level measuring means for measuring the received signal level 
at the first antenna; and a second received signal level measuring means for measuring the received signal level at 
the second antenna, the method further comprising a step of maintaining the received signal level by starting a tracking 
15 operation of one of the communication targets by both the first antenna and the second antenna when the received 
signal level measured by either the first received'signal level measuring means or the second received signal level 
measuring means becomes lower than the predetemnlned reference value for actuating a tracking operation whereby 
both the first antenna and the second antenna track one communication target. 

[0020] Next, the sixth aspect of the present invention resides in the antenna control method having the above fifth 
20 feature, wherein in the case where the tracking operation of both the first antenna and the second antenna have started 
to track one of the communication targets, when the received signal levels measured by both the first received signal 
level measuring means and the second received signal level measuring means have exceeded the predetermined 
reference value for restarting the nonmal tracking operation, for a period longer than a fixed period of time, tracking of 
the other communication target which has been abandoned is restarted. 
25 [0021] The seventh aspect of the present invention resides in the antenna control method having the above third 
feature, wherein, when the number of communication targets is one, the first antenna and the second antenna are 
caused to acquire the single communication target at the same time so as to increase the transmitted signal level and 
received signal level compared to the case where the target is tracked by either the first antenna or the second antenna 
alone. 

30 [0022] Further, the eighth aspect of the present invention resides in an antenna control method for controlling the 
antenna control system for use in a communication system made up of combination of an antenna device and com- 
munication targets, the antenna device of which the positional information being known, comprising: 

first and second amis, which are an-anged in parallel and in a non-opposing manner on the same plane, respectively 
35 having axes C1 and C2 along the same direction; 

a first antenna which is supported by the first amn so that the attitude can be directed arbitrarily with respect to the 
axis C1 ; 

a second antenna which is supported by the second ami so that the attitude can be directed arbitrarily with respect 
to the axis C2; 

40 a first rotating mechanism for rotating the first antenna about axis C1 ; 

a second rotating mechanism for rotating the second antenna about axis C2; 

an anm elevation adjustment mechanism for common adjustment of the first arm and second arm; and 
an arm azimuth adjustment mechanism for common adjustment of the first ami and second arm, 

45 the communication targets Including two communication targets T1 and T2 of which the positional Information or move- 
ment information is known, 
the antenna control system comprising: 

a first rotational angle detecting means for detecting the rotational angle of the first rotating mechanism; 
50 a first rotating mechanism control means for controlling the first rotating mechanism; 

a second rotational angle detecting means for detecting the rotational angle of the second rotating mechanism; 

a second rotating mechanism control means for controlling the second rotating mechanism; 

an elevation detecting means for detecting the elevation angle of the amn elevation adjustment mechanism; 

an arm elevation adjustment mechanism control means for controlling the arm elevation adjustment mechanism; 
55 an azimuth detecting means for detecting the azimuth angle of the amn azimuth adjustment mechanism; 

an arm azimuth adjustment mechanism control means for controlling the ami azimuth adjustment mechanism; 

a means D for calculating the plane P containing a triangle defined by two communication targets T1 and T2 and 

the installed position of the antenna device, based on the installed position of the antenna device, represented by 
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the latitude, longitude and height and the positional infomnation of the two communication targets T1 and T2; 
a means El for calculating the elevation angle ^ of the first and second amis when they orthogonally intersect the 
plane P, based on the calculation result from the means D; 

a means E2 for calculating the azimuth angle G of the first and second amis when they orthogonally, intersect the 
plane P, based on the calculation result from the means D; 

a means F1 for calculating the required angle of rotation RB of axis B that is orthogonal to the axes CI and C2 so 
that the elevation angle of the first and second arms will be set at (t>, based onthe current elevation of the first and 
second amis, detected by the elevation detecting means and the calculation result from the means E1 ; 
a means F2 for caldulating the required angle of rotation RA of axis A that is orthogonal to the axis B as well as 
to the axes C1 and C2 so that the azimuth angle of the first and second arms will be set at 6. based on the current 
azimuth of the first and second arms, detected by the azimuth detecting means and the calculation result from the 
means E2; 

a means F3 for calculating the required angle of rotation RC1 of the axis C1 so that the first antenna is pointed at 
the communication target T1 when the elevation angle and azimuth angle of the first and second arms are set at 

(|) and at 6; and 

a means F4 for calculating the required angle of rotation RC2 of the axis C2 so that the second antenna is pointed 
at the communication target T2 when the elevation angle and azimuth angle of the first and second arms are set 
at <|) and at 6, 

the antenna control method comprising: a system whereby one of the communication targets to be communicated 
with is switched from the communication target T2 to a communication target T3 which is located in a direction 
different from the communication target T2, 

a step of calculating the plane P2 containing a triangle defined by the communication targets T1 and T3 and the 
installed position of the antenna device, using the means D; 

a step of calculating the elevation angle <i>2 and azimuth angle 82 of the first and second amns when they orthog- 
onally intersect the plane P2 based on the calculation result from the means D, using the means E1 and E2; and 
a step of rotating the first antenna when the amn elevation adjustment mechanism and the amn azimuth adjustment 
mechanism are actuator!, in a manner that the direction of the first antenna being pointed at the first communication 
target T1 remains as is, canceling the influence on the direction of the antenna due to change of the elevation and 
azimuth of the arm, whereby the communication target can be switched from the communication target 72 to the 
communication target T3 while communication with the communication target T1 is maintained. 

Brief Description of Drawings 



[0023] 

Fig.1 is a stmctural principle view showing the basic configuration of an antenna control system according to the 
present invention; 

Fig.2 is a schematic view showing the configuration of a communications system using the antenna control system 
according to embodiment 1 of the present invention; 

Fig.3 is an illustrative view showing a coordinate system used in the antenna control system according to embod- 
iment 1 of the present invention; 

Fig.4 is an illustrative view showing the positional relationship between antennas and two satellites acquired by 

the antenna; 

Fig.5 is a schematic block diagram showing an antenna control system (embodiment 1) capable of controlling 
antennas so as to acquire two targets; 

Fig.6 is a flowchart showing the sequence in an antenna control method for acquiring two targets; 

Fig.7 is a schematic block diagram showing an antenna control system according to embodiment 2 of the present 

invention; 

Fig. 8 is a flowchart showing the sequence for detemnining the timing of start of tracking in an antenna control 
system according to embodiment 2; 

Fig. 9 is a schematic block diagram showing an antenna control system {embodiment 3) for detemriining the timing 
of start of tracking the first satellite; 

Fig. 10 is a flowchart showing the sequence for determining the timing of start of tracking the first satellite T1 in 
the antenna control system according to embodiment 3; 

Fig. 11 is a schematic block diagram showing an antenna control system capable of implementing an antenna 
control method by axes A and B; 

Fig. 12 is a flowchart showing the sequence of an antenna control method by axes A and B; 

Flg.13 is a schematic block diagram showing an antenna control system capable of implementing an antenna 
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control method by axes A, C1 and C2; 

Fig. 14 is a flowchart showing the sequence of an antenna control method by axes A, C1 and C2; 

Fig. 15 Is a schematic block diagram showing an antenna control system capable of implementing an antenna 

control method by axes B. C1 and C2; 
5 Fig. 16 is a flowchart showing the sequence of an antenna control method by axes B, CI and C2; 

Fig. 17 is a schematic block diagram showing an antenna control system according to embodiment 4; 

Fig. 1 8 is a flowchart showing the sequence of restarting tracking the second satellite T2 by the second antenna; 

Fig.1 9 is a flowchart showing the sequence of acquiring one satellite by the first and second antennae; 

Fig.20 is a schematic block diagram showing an antenna control system according to embodiment 6; 
10 Fig. 21 is a flowchart showing the sequence of switching the satellite to be tracked; 

Fig.22 is an overall structural view showing a conventional antenna system capable of establishing communication 

with one communication target; 

Fig.23 is an overall structural view showing a conventional antenna system capable of establishing concurrent 
communication with a multiple number of communication targets; and 
15 Flg.24 is an illustrative view showing a.sltuation where one antenna obstructs another antenna in the antenna 

system illustrated in Flg.1. 

Best Mode for Carrying Out the Invention 

20 [0024] Next, the embodiments of antenna control systems and control methods according to the present invention 
will be described based on the specific examples shown in the drawings. 

<Embodiment 1> 

25 [0025] First, an antenna control system of embodiment 1 will be described. 

[0026] The communication system to which an antenna control system of embodiment 1 is applied includes a first 
satellite T1 and a second satellite T2 and an antenna device 1 for establishing communication with these satellites T1 
and T2, as shown in Fig.2. 

[0027] This antenna device 1 is comprised of first and second amns 31 and 32, which are arranged in parallel and 
30 in a non-opposing manner on the same plane, respectively having axes CI and C2 along the same direction, a first 
antenna 33 which is supported by first ami 31 so that the attitude can be directed arbitrarily with respect to the axis 
CI , a second antenna 34 which is supported by second amri 32 so that the attitude can be directed arbitrarily with 
respect to the axis C2, a first rotating mechanism 35 for rotating first antenna 33 about axis CI, a second rotating 
mechanism 36 for rotating second antenna 34 about axis C2, an ami elevation adjustment mechanism 37 for common 
35 adjustment of first amn 31 and second arm 32 and an arm azimuth adjustment mechanism 38 for common adjustment 
of first arm 31 and second arm 32. 

[0028] In this embodiment 1, as shown in Fig.3. a 3-dimentional rectangular coordinate system having x, y and z 
axes with an origin at the point of intersection between the four axes A, B, C1 and C2 is used so as to represent a 
state where satellites T1 and T2 are acquired by first antenna 33 and second antenna 34. 

40 [0029] This 3-dimentlonal space can be depicted as shown in Flg.4, and the positions of the first satellite T1 and 
second satellite T2, straight lines including axes A, B, C1 and C2 of the antenna device, a straight line LT1 including 
the first satellite T1 and the origin, a straight line LT2 including the second satellite T2 and the origin, the plane P1 
Including three points, the first satellite T1 , the second satellite T2 and the origin, the straight line L defined by plane 
P1 and plane Z=0 and the planes of the first antenna 33 and the second antenna 34 are represented by the following 

45 equations: 

the positron of the first satellite T1(Xi, y^, z^) 
the position of the second satellite T2(X2, ya, Zg) 
the straight line including axis A : x=0, y=0 
so the straight line including axis B : (x/lb)=(y/mb), z=0 

the straight line including axes CI and C2: 

(x/lj=(y/mj=(z/n^) 

55 

the straight line LT1 (the straight line joining T1 and the origin) : 
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10 



15 



20 



(x/lTi)=(y/mTi)=(z/nTi) 
the straight line LT2 (the straight line joining T2 and the origin) : 

(x/lT2)=(Wrn72)=(z/nT2) 
the plane P1 (the plane including T1 , T2 and the origin) : 

(y2Zi+yiZ2)^+(zi((xiy2^i)-^2)-^i(y22i+yiZ2))y+(^iy2-^2yi)z=o 

the straight line L (the straight line defined by plane P1 and plane Z=0) 

x/(Xi (yaZi +y 1 z^Yz^ ((x^ Vg/yi )-X2))=y/(y2Zi +yi Z2)» 
the plane including the first antenna: aiX+biy+Ci2=0 the plane including the second antenna: a2X+b2y+C2Z=0 



[0030] Next, the state where the first satellite T1 is acquired by the first antenna 33 and the state where the second 
satellite T2 is acquired by the second antenna 34 are fomiulated by the following four conditional expressions using 
the above equations. 

[0031 ] The positional relationship between the antenna device (the origin), the first satellite T1 and second satellite 
25 T2 in this case is as shown in Flg.4. In plane P1 . the part below L is situated below the surface of the earth. 
<Conditional expression 1 > The plane (plane P1 ) including T1 , T2 and the origin overlaps axis B. 
[00321 That is, the straight line (straight line L) defined by plane P1 and the plane Z=0 should coincide with axis B. 
This condition can be represented by the following fomnula: 



30 



35 



40 



45 



Xi(y22t + yiZ2)-zJ^^-xJ 

y yi Ly2Zi-yiZ2^ 3,„o (i) 

lb nib 

<Conditional expression 2> Axis C(axls CI and axis C2) is perpendicular to the plane (plane PI) including T1 , T2 and 
tiie origin . This condition can be represented by the following formula: 



<Conditional expression 3> The straight line (straight line LT1) passing through T1 and the origin is perpendicular to 
50 the first antenna. This condition can be represented by the following formula: 

= ^ = fl (3) 

55 

<Conditiona! expression 4> The straight line (straight line LT2) passing through T2 and the origin is perpendicular to 
the second antenna. This condition can be represented by the following formula: 
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= = £2 (4) 

s [0033] Taking into account the above definitions of acquisition, directional control of the antennas will be described. 
[0034] Fig.5 is a schematic block dragrann showing an antenna control system according to embodiment 1 . 
[0035] As shown in Fig.5, the antenna control system according to embodiment 1 includes: a satellite position cal- 
culating means 73 for calculating the positions of the two satellites at the current time, read out from a clock 72, while 
referring to a satellite movement infortnation database (DB) 71 ; a plane PI calculating means 74a for calculating plane 

10 P1 based on the positions of the two satellites, calculated by satellite position calculating means 73 and installed 
position information 71 9 of the antenna device; an elevation calculating means 75a for calculating the elevation angle 
of the first and second arms when they orthogonally intersect the plane P1; a B-axis current angle detecting means 
76 for" detecting the current angle of an axis B; a B-axis angle of rotation calculating means 77a for calculating the 
required angle of rotation of axis B based on the elevation angle calculated by elevation calculating means 75a and 

15 the current angle of axis B detected by B-axis cun-ent angle detecting means 76; a B-axis control means 78 for rotating 
axis B in accordance with the B-axis angle of rotation calculated by B-axis angle of rotation calculating means 77a; an 
azimuth calculating means 79a for calculating the azimuth angle of the first and second anns when they orthogonally 
intersect the plane PI ; an A-axis cun-ent angle detecting means 71 0 tor detecting the current angle of an axis A; an 
A-axIs angle of rotation calculating means 711a for calculating the required angle of rotation of axis A based on the 

20 azimuth angle calculated by azimuth calculating means 79a and the current angle of axis A detected by A-axis current 
angle detecting means 710; an A-axis control means 712 for rotating axis A in accordance with the A-axis angle of 
rotation calculated by A-axis angle of rotation calculating means 711a; a CI -axis current angle detecting means 713 
for detecting the cun-ent angle of an axis C1; a Cl-axis angle of rotation calculating means 714a for calculating the 
required angle of rotation of axis CI based on the position of first satellite T1 at the current time, read out from clock 

25 72 and the current angle of axis C1 detected by Cl-axis current angle detecting means 713; a Cl-axis control means 
715 for rotating axis C1 in accordance with the CI -axis angle of rotation calculated by Cl-axis angle of rotation calcu- 
lating means 71 4a; a C2-axis current angle detecting means 71 6 for detecting the current angle of an axis C2; a C2-axis 
angle of rotation calculating means 71 7a for calculating the required angle of rotation of axis C2 based on the position 
of Goccnd satellite T2 at the current time, read out from clock 72 and the cun-ent angle of axis C2 detected by C2-axis. 

30 current angle detecting means 71 6; and a C2-axis control means 71 8 for rotating axis C2 in accordance with the C2-axis 
angle of rotation calculated by C2-axis angle of rotation calculating means 717a. 

[0036] The antenna control sequence for acquiring two satellites using the antenna control system in accordance 
with this embodiment 1 will be described with reference to the flowchart shown in Fig. 6. 

[0037] To acquire two satellites using the antenna control system In accordance with embodiment 1, plane PI con- 
35 taining a triangle (T1 , T2 and O) defined by the first satellite T1 , the second satellite T2 and the installed position of 
the antenna device (the origin O) is calculated first, as shown in Fig.6 (S81). 

[0038] Then, the elevation angle 4)1 and azimuth angle G1 of the direction of first and second arms (axes C1 and C2) 
when they orthogonally intersect the plane PI are calculated (S82). 

[0039] Next, the angle of rotation RA of axis A is calculated from the azimuth angle 01 and the angle of rotation RB 
40 of axis B is calculated from the elevation angle (j)1 (SB3). 

[0040] Subsequently, axis A and axis B are rotated based on the calculated angle of rotation RA of axis A and angle 
of rotation RB of axis B (S84). 

[0041] Then, the angle of rotation RC1 of axis CI is calculated from the position of the first satellite T1 and the angle 
of rotation RC2 of axis C2 is calculated from the position of the second satellite T2 (S85). 
45 [0042] Finally, axes CI and C2 are rotated based on the calculated RC1 and RC2, so that the first and second 
antennae will be pointed towards first and second satellites T1 and T2, respectively (S86). 

[0043] According to the antenna control sequence described above, it is possible to acquire two satellites at the 
same time, using the antenna device configured as shown in Fig.1 . 

50 <Embodlment 2> 

[0044] Next, an antenna control system according to embodiment 2 will be described. 

[0045] The antenna control system according to embodiment 2 is configured so that, when the satellites having been 
acquired by the antenna control method shown in embodiment 1 are non-stationary satellites and hence the received 
55 signal level from one of them becomes weakened, the system is able to actuate a tracking operation in order to maintain 
communication. 

[0046] Fig. 7 shows a schematic configuration of the antenna control system according to embodiment 2. 

[0047] An antenna control system 93 of embodiment 2 is comprised of, as shown in Fig.7. a received signal level 
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measuring means 91 for measuring the received signal level at the antenna and a received signal level detennining 
means 92a for detennining whether the received signal level at the antenna Is greater than the predetennined reference 
value for actuating the tracking operation. 

[0048] The tracking sequence of this antenna control system 93 according to embodiment 2 for maintaining com- 
5 munication with the satellite when the received Sijgnal level at the first antenna has lowered will be explained with 
reference to the flowchart shown in Fig. 8. 

[0049] To maintain communication with the satellite using the antenna control system according to embodiment 2 
when the received signal level at the first antenna has lowered, the received signal level at the first antenna is measured 
first (S101), as shown in Fig.8. 

10 [0050] Then, it is determined whether the measurement of the received signal level is greater than the predetermined 
reference value for actuating the tracking operation (S1 02). If the measurement of the received signal level is greater 
than the reference value, the operation returns to Step S101 to continue measuring the received signal level. 
[0051 ] On the other hand, when the measurement of the received signal level is not greater than the reference value, 
the sequence of acquisition shown in Fig.6, already explained with reference to embodiment 1 , is started. Since this 

15 acquisition sequence is the same as that described in embodiment 1 , the description is omitted. 

[0052] According to the antenna control system described above, it is possible to detennine appropriate timing of 
starting the tracking operation before communication with the acquired first satellite T1 and second satellite T2 becomes 
Impossible, so that it is possible to maintain continuous communication with the first satellite T1 and second satellite T2 . 

20 < Embodiment 3> 

[0053] Next, an antenna control system according to embodiment 3 will be described. 

[0054] With the antenna control system according to embodiment 3, when the received signal level from the first 
satellite T1 having been acquired by the antenna control method shown in embodiment 1 lowers owing to an adverse 

25 changes in weather conditions or the like and hence it becomes impossible for the first antenna alone to keep com- 
munication while the communication with the first satellite T1 is more Important than that with the second satellite T2. 
trackin" of the second satellite T2 by the second antenne. i? ah«nrlr»nftri sso that both the first and second antennae 
can track the first satellite T1 that is of more importance. Implementation of this tracking operation makes it possible 
to enhance the received signal level from the first satellite T1 and maintain communication. 

30 [0055] Fig. 9 shows a schematic configuration of an antenna control system according to embodiment 3. 

[0056] An antenna control system 113 according to embodiment 3 is comprised of. as shown in Fig.9. a received 
signal level measuring means 91 for measuring the received signal level at the antenna and a received signal level 
detemiining means 92b for determining whether the received signal level at the antenna is greater than the predeter- 
mined reference value for actuating the tracking operation. 

35 [0057] In this antenna control system 113 according to embodiment 3, if the received signal level does not reach 
above the reference level, the directions of the first and second antennae are controlled so that both the first and 
second antennae track one satellite. 

[0058] As will be detailed later, antenna control system 113 according to embodiment 3 has any one of the configu- 
rations including: a mechanism for controlling the directions of the antennae based on axes A and B (see Fig.11); a 
40 mechanism for controlling the directions based on axes A, C1 and C2 (see Fig.13); and a mechanism for controlling 
the directions of the antennae based on axes B. CI and C2 (see Fig. 1 5), so as to control the directions of the first and 
second antennae. 

[0059] Referring to the flowchart shown in Fig.1 0, the sequence of actuating both the first and second antennae to 
track the first satellite T1 will be described. 
45 [0060] For the first and second antennae to track the first satellite T1 , the received signal level at the first antenna 
is measured first (S121), as shown In Fig.1 0. 

[0061] Then, it is checked whether the received signal level at the first antenna is greater than the reference value 
for actuating the tracking operation with both the first and second antennae (S122). 

[0062] Here: if the measurement is greater than the reference value, measurement and detenni nation of the received 
50 signal level Is repeated. When, on the other hand, the measurement of the received signal level is not greater than the 
reference value, track of the second satellite T2 by the second antenna is stopped so as to actuate the second antenna 
to also track the first satellite T1 . 

[0063] Here, there are three ways of antenna control for causing both the first and second antennae to track the first 
satellite T1 at the same time. This is because two degrees of freedom, i.e., the elevation and azimuth angles, are 
55 needed to track a single satellite, but the antenna device used in the present invention has three degrees of freedom, 
axis A. axis B and axis C1 and axis C2. Actually, there are three kinds of antenna control methods as follows: 

(1) the antenna control method by axes A and B. by adjusting the elevation of the antennae by rotation on axis B 
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and the azimuth by rotation on axis A with axes C1 and C2 fixed; 

(2) the antenna control method by axes A. C1 and C2. by adjusting the elevation of the antennae by rotation on 
axes C1 and C2 and the azimuth by rotation on axis A with axis B fixed; and 

(3) the antenna control method by axes B, C1 and C2. by adjusting the elevation and azimuth of the antennae by 
5 combination of rotation on axes B, C1 and C2 with axis A fixed. 

[0064] Next, the antenna control systems and their sequences, corresponding to the above antenna control methods 
(1) to (3) will be described. 

[0065] First, the antenna control system and its control sequence capable of canying out the above antenna control 

10 method (1) will be described. 

[0066] Fig. 11 Is a schematic block diagram showing an antenna control system capable of implementing the antenna 
control method (1). Fig.12 is a flowchart showing the sequence of the antenna control method (1). 
[0067] The antenna control system capable of carrying out the antenna control method (1) includes: as shown in 
Fig. 1 1 , a C1 -axis cun-ent angle detecting means 71 3 for detecting the cun-ent angle of axis C1 ; a C2-axis current angle 

15 detecting means 716 for detecting the current angle of axis C2; a C2-axls angle of rotation calculating means 717b for 
calculating the required angle of rotation RC2 of axis C2 to align the second antenna with the first antenna, based on 
the cun-ent angles of axes CI and C2; a C2-axis control means 71 8 for rotating axis C2 in accordance with the C2-axis 
angle of rotation RC2; a satellite position calculating means 73 for calculating the position of the first satellite T1 at the 
current time, readout from a clock 72, while referring to a satellite movement Information database 71; an elevation 

20 calculating means 75b for calculating the antenna elevation based on the position of the first satellite T1 and installed 
position infomiation 719 of the antenna device; a B-axis current angle detecting means 76 for detecting the current 
angle of axis B; a B-axis angle of rotation calculating means 77b for calculating the angle of rotation RB of axis B based 
on the current angle of axis B and the antenna elevation; a B-axis control means 78 for rotating axis B in accordance 
with the B-axis angle of rotation RB; an azimuth calculating means 79b for calculating the antenna azimuth based on 

25 the position of the first satellite T1 and installed position infonnation 71 9 of the antenna device; an A-axis current angle 
detecting means 710 for detecting the cun-ent angle of axis A; an A-axis angle of rotation calculating means 711b for 
calculating the angle of rotation RA of axis A based on the current angles axes A and CI and antenna azimuth; and 
an A-axis control means 712 for rotating axis A in accordance with the A-axis angle of rotation RA. 
[0068] In the above antenna control method (1), as shown in Fig.12. the direction of the second antenna Is aligned 

30 with that of the first antenna (SI 41 ). 

[0069] Then, the current position of the first satellite T1 is calculated (SI 42), and based on the position of the first 
satellite T1 , the antenna elevation angle <t>1 and azimuth angle 91 are calculated (S143). 

[0070] Subsequently, based on the cun-ent angle of axis CI (since two antennae are pointed at the same direction, 
the current angle of axis C2 needs not be checked) and azimuth angle 01 , the angle of rotation RA of axis A is calculated, 
35 and based on the elevation angle <t>1 , the angle of rotation RB of axis B is calculated (S144). 

[0071] Then, based on the calculated angle of rotations RA and RB about axes A and B, axes A and B are rotated 
(S145). 

[0072] If axes CI and C2 are set to 0 degrees at Step 1 41 , Step 1 44 can be simplified as follows. 
[0073] That is, since axes CI and C2 are set to 0 degrees at Step 1 41 , the angle of rotation RA of axis A can calculated 
40 based on the azimuth angle 81 and the angle of rotation RB of axis B can be calculated based on the elevation angle 
(|)1, at Step 144. 

[0074] Next, the antenna control system and Its control sequence capable of canying out the above antenna control 

method (2) will be described. 

[0075] Fig. 13 is a schematic block diagram showing an antenna control system capable of implementing the antenna 
45 control method (2). Fig.14 Is a flowchart showing the sequence of the antenna control method (2). 

[0076] The antenna control system capable of carrying out the antenna control method (2) includes: as shown in 
Fig. 1 3, a satellite position calculating means 73 for calculating the current position of the first satellite T1 at the current 
time, read out from a clock 72, while referring to a satellite movement information database 71 ; an elevation calculating 
means 75b for calculating the antenna elevation based on the position of the first satellite T1 and installed position 
50 Infonnation 719 of the antenna device; a C1-axis cun-ent angle detecting means 713 for detecting the current angle of 
axis CI ; a CI -axis angle of rotation calculating means 714c for calculating the angle of rotation RC1 of axis C1 based 
on the antenna elevation and the current angle of axis CI ; a C1 -axis control means 71 5 for rotating axis CI In accord- 
ance with the C1-axis angle of rotation RC1: a C2-axis current angle detecting means 716 for detecting the current 
angle of axis C2; a C2-axis angle of rotation calculating means 717c for calculating the of rotation RC2 of axis C2, 
55 based on the antenna elevation and the current angle of axis C2; a C2-axis control means 718 for rotating axis C2 in 
accordance with the C2-axis angle of rotation RC2; an azimuth calculating means 79b for calculating the azimuth angle 
of satellite T1 , based on the position of the first satellite T1 and installed position information 71 9 of the antenna device; 
an A-axis current angle detecting means 71 0 for detecting the cun-ent angle of axis A; a B-axis current angle detecting 
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means 76 for detecting the current angle of axis B; an A-axis angle of rotation calculating means 711c for calculating 
the angle of rotation RA of axis A, based on the current angles axes A and B and the antenna azimuth; and an A-axIs 
control means 712 for rotating axis A in accordance with the A-axis angle of rotation RA. 

[0077] In the above antenna control method (2), as shown in Fig.14, the current position of the first satellite T1 Is 
5 calculated (S161). 

[0078] Then, based on the position of the first satellite T1 , the elevation angle (t>1 and azimuth angle 91 are calculated 
(SI 62), and based on azimuth angle G1 , the angle of rotation RA of axis A is calculated, and based on the elevation 
angle 4)1, the angle of rotations RC1 and RC2 of axes C1 and C2 are calculated (SI 63). 

[0079] Further, based on the calculated angle of rotations RA, RC1 and RC2 of axes A, CI and C2, axes A, C1 and 
10 C2 are rotated (SI 64). 

[0080] Next, the antenna control system and its control sequence capable of carrying out the above antenna control 
method (3) will be described. 

[0081] Fig.1 5 is a schematic block diagram showing an antenna control system capable of implementing the antenna 
control method (3). Fig. 16 is a flowchart showing the sequence of the antenna control method (3). 

15 [0082] The antenna control system capable of carrying out the antenna control method (3) includes: as shown In 
Fig. 15, a satellite position calculating means 73 for calculating the current position of the first satellite T1 at the current 
time, read out from a clock 72, while referring to a satellite movement information database 71 ; an elevation calculating 
means 75b for calculating the elevation of the first satellite T1 , based on the position of the first satellite T1 and installed 
position information 719 of the antenna device; an azimuth calculating means 79b for calculating the azimuth angle of 

20 satellite T1 : based on the position of the first satellite T1 and installed position information 71 9 of the antenna device; 
an A-axis current angle detecting means 71 0 for detecting the current angle of axis A; a CI -axis current angle detecting 
means 713 for detecting the current angle of axis CI ; a C1-axis angle of rotation calculating means 71 4d for calculating 
the angle of rotation RC1 of axis 01 , based on the elevation and azimuth of the first satellite T1 , the current angle of 
axis A and the current angle of axis C1 ; a CI -axis control means 71 5 for rotating axis CI in accordance with the CI -axis 

25 angle of rotation RC1 ; a C2-axis current angle detecting means 71 6 for detecting the current angle of axis C2; a C2-axis 
angle of rotation calculating means 71 7d for calculating the angle of rotation RC2 of axis 02, based on the elevation 
and azimuth of the first sctcllitc T1 , the current sngic of axis A and the current angle of axis C2; a C2-ax!s control 
means 71 8 for rotating axis 02 in accordance with the C2-axis angle of rotation RC2; a B-axis current angle detecting 
means 76 for detecting the current angle of axis B; a B-axis angle of rotation calculating means 77d for calculating the 

30 angle of rotation RB of axis B, based on the elevation and azimuth of the first satellite T1 , the current angle of axis A 
and the current angle of axis B; and a B-axis control means 78 for rotating axis B in accordance with the B-axis angle 
of rotation RB. 

[0083] In the above antenna control method (3), as shown in Fig.1 6, the current position of the first satellite T1 is 
calculated (SI 81). 

35 [0084] Then, based on the position of the first satellite T1 , the elevation angle <|)1 and azimuth angle 61 are calculated 
(SI 82), and based on the elevation angle 4^1 , azimuth angle 61 and the current angle of axis A, the angle of rotations, 
RB, RC1 and RC2 of axes B, CI and 02 are calculated (SI 83). 

[0085] Further, based on the calculated angle of rotations RB, R01 and R02 of axes B, 01 and C2, axes B, CI and 
02 are rotated (SI 84). 

40 [0086] According to the antenna control method of embodiment 3 described above, since, of the first and second 
satellites T1 and T2 to be tracked, before the received signal level from the first satellite T1 , which has been given 
higher tracking priority, lowers and results in loss of communication, the second antenna which tracks the second 
satellite T2 that has been given lower priority than the first satellite T1 is directed to back up the communication with 
the first satellite T1 , whereby It is possible to maintain communication with the first satellite T1 , without disconnection. 

45 

<Embodiment 4> 

[0087] Next, an antenna control system according to embodiment 4 will be described. 

[0088] The antenna control system according to embodiment 4 is a configuration which, in a situation where the first 
so and second antennae are being used to track the first satellite T1 because communication with the second satellite 
T2 has been abandoned by the antenna control method described in embodiment 3, if the communication status with 
the first satellite T1 through the first antenna alone has recovered to the valid state, tracking of the first satellite T1 by 
the second antenna is canceled so that tracking of the second satellite T2 will be restarted. 
[0089] Fig. 17 shows a schematic configuration of an antenna control system according to embodiment 4. 
55 [0090] An antenna control system 93 according to embodiment 4 is comprised of, as shown in Fig. 17, a received 
signal level measuring means 91 for measuring the received signal level at the antenna; a received signal level deter- 
mining means 92c for determining whether the received signal level at the antenna is greater than the predetermined 
reference value for actuating the tracking operation; and a clock 72 and clocking means 191 for measuring the time 
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during which the received signal level at the antenna continuously exceeds the predetermined reference value for 

actuating the tracking operation. 

[0091] Referring to the flowchart shown in Fig.1 8, the sequence for restarting tracking of the second satellite T2 will 
be described. 

5 [0092] To restart tracking the second satellite T2, the received signal level from the first satellite T1 is measured first 
(8201), as shown in Fig. 18. 

[0093] Then, the measured received signal level is compared with the predetermined reference value for restarting 
tracking of the second satellite T2 (S202). 

[0094] At this step, when the measured value is greater than the reference value, clocking is started (if clocking has 

10 already started, clocking is continued as is) (S203). 

[0095] Subsequently, it is detemnined whether the measured time exceeds the reference time (S204). At this step, 
when the measured time exceeds the reference time, the acquisition sequence (the same sequence described In 
embodiment 1 with reference to Fig.6) is started. When the measured time has not yet exceeded the reference time, 
the operation returns to Step 201 where the received signal level maintains being measured. 

15 [0096] On the other hand, when it is determined that the measured value is not greater than the reference value at 
Step 202, the operation returns to Step 201 without starting clocking (it clocking has already started, the operation 
returns to Step S201 after clocking is stopped and the measured time up to that point ispancelled) and the measurement 
of the received signal level is continued (S205). 

[0097] According to the antenna control method of embodiment 4 described heretofore, in a situation where both 
20 the first and second antennae are being used to track the first satellite T1 , it is possible to appropriately detennine the 
time when the communication status has become valid through the first antenna alone, so that communication with 
the second satellite T2 can be smoothly restarted. 

<Embodiment 5> 

25 

[0098] Next, an antenna control system according to embodiment 5 will be described. 

[0099] The antenna control system according to embodiment 5 is a configuration in which, when the number of the 
satellite positions to be tracked, calculated by satellite position calculating means is one, both the first and second 
antennae are adapted to track the single satellite. 
30 [01 00] The antenna control system according to embodiment 5 is able to acquire the single satellite by both the first 
and second antennae, using the any one of antenna control systems shown in Figs.11 . 15 and 1 7. So. the description 
of the antenna control system of embodiment 5 is omitted. 

[0101] The sequence of the antenna control system according to embodiment 5 for acquiring a single satellite by 
both the first and second antennae will be described with reference to the flowchart shown in Fig.1 9. 
35 [0102] To acquire a single satellite by both the first and second antennae, it is checked first whether the number of 
satellites to be tracked is one, as shown in Fig. (S211). 

[01 03] Here: if the number of satellites to be tracked is one, the sequence for acquiring a single satellite described 
in the above embodiment 3 is started. When there are two satellites to be tracked, the sequence for acquiring two 
satellites described in the above embodiment 1 is started. 
40 [0104] According to the antenna control method of embodiment 5 stated above, when the number of statellites is 
one. the satellite can be tracked by both the first and second antennae, whereby it is possible to establish communi- 
cation at higher transmitted and received signal levels compared to the case where the satellite is tracked by a single 
antenna. 

45 <Embodlment 6> 

[0105] Next, an antenna control system according to embodiment 6 will be described. 

[0106] The antenna control system according to embodiment 6 is adapted to be able to switch the first and second 
satellites which have been acquired respectively by the first and second antennae using the antenna control method 

so shown in embodiment 1 , into the first and third satellites T1 and T3 (located in a direction different from T2). 
[0107] Fig.20 shows a schematic configuration of an antenna control system according to embodiment 6. 
[0108] As shown in Fig. 20, the antenna control system according to embodiment 6 includes: a satellite position 
calculating means 73 for calculating the positions of the first and third satellites T1 and T3 at the current time, read out 
from a clock 72, while referring to a satellite movement infomaation database 71; a plane P2 calculating means 74e 

55 for calculating the plane P2, based on the positions of the first satellite T1 and the third satellite T3 calculated by satellite 
position calculating means 73 and installed position information 719 of the antenna device; an elevation calculating 
means 75a for calculating the elevation angle <|i2 of the first and second arms when they orthogonally intersect the 
plane P2: a B-axis angle of rotation calculating means 77a for calculating the required angle of rotation RB of axis B 
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based on the elevation angle <j)2 calculated by elevation calculating means 75a and the current angle of axis B detected 
by a B-axis current angle detecting means 76; an azimuth calculating nneans 79a for calculating the azimuth angle G2 
of the first and second arms when they orthogonally intersect the plane P2; an A-axis angle of rotation calculating 
means 711a for calculating the required angle of rotation RA of axis A, based on the azimuth angle 62 calculated by 

5 azimuth calculating means 79a and the current angle of axis A detected by A-axis current angle detecting means 710; 
a C1 -axis angle of rotation calculating means 714a for calculating the angle of rotation RC1 of axis C1 , based on the 
difference between the current azimuth of the first antenna (i.e., the azimuth of T1) and the azimuth of the first antenna 
when axis A is rotated so that the azimuth is equal to 62; a C2-axis angle of rotation RC2 calculating means 717a for 
calculating the angle of rotation of axis C2 based on the difference between the direction of the third satellite T3 and 

10 the direction of the second antenna when axis A is rotated so that the azimuth is equal to 62; an A-axis control ■ ■ -aans 
712 and B-axis control means 78 for rotating axes-A and B in accordance with the calculated angles of rotats: r;s RA 
and RB of axes A and B; a C1 -axis control means 71 5 for rotating axis CI in accordance with the calculated C1 -axis 
angle of rotation RC1 at the same time the axes A and B are rotated, so as to make up for the influence on the direction 
of the first antenna that is being pointed at the first satellite T1 due to change of the elevation and azimuth of the arm; 

IS and a C2-axis control means 71 8 for rotating axis C2 in accordance with the calculated RC2 so that the second antenna 
Is pointed at the third satellite T3. 

[0109] The sequence of switching the first and second satellites T1 and T2 which have been acquired respecrn^ely 
by the first and second antennae, into the first and third satellites T1 and T3 (located in a direction different from T2) 
will be described with reference to the flowchart shown in Fig.21 . 

[0110] To switch the first and second satellites T1 and T2 which have been acquired respectively by the first and 
second antennae, into the first and third satellites T1 and T3 (located in a direction/different from T2), the plane P2 
that contains a triangle (T1 , T3 and O) defined by the first and third satellites T1 and T3 and the installed position of 
the antenna device (the origin O) is calculated first, as shown in Fig. 21 (S231). 

[0111] Then, the eievationangle (|)2 and azimuth angle 62 of the direction of first and second amns (axes CI and C2) 
25 when they orthogonally intersect the plane P2 are calculated (S232). 

[0112] Next, based on the azimuth angle 62 and the elevation angle <|)2, the angle of rotation RA of axis A and the 
c»ng!c of rot3tlcn RS of axis 5 sre calculated respectively (S233). 

[0113] Subsequently, the difference between the current azimuth of the first antenna (i.e., the azimuth of T1) and 
the azimuth of the first antenna when axis A is rotated by RA with axis C1 fixed is calculated as the angle of rotation 

30 RC1 of axis C1 (S234). 

[0114] Then, the difference between the azimuth of the third satellite T3 and the azimuth of the second antenna 
when axis A is rotated by RA with axis C2 fixed is calculated as the angle of rotation RC2 of axis G2 (S235). 
[0115] Further, while axes A and B are rotated in accordance with the calculated angles of rotations RA and RB of 
axes A and B, axis 01 is rotated in accordance with the calculated angle of rotation RC1 of axis CI so that the direction 

35 of the first antenna being pointed at the first satellite T1 remains as is, canceling the influence on the direction of the 
antenna due to change of the elevation and azimuth of the arm (S236). 

[01 1 6] Finally, in accordance with the calculated RC2, axis C2 is rotated so that the second antenna is pointed toward 

the third satellite T3 (S237). 

[0117] According to the antenna control method of embodiment 6 described above, It is possible to switch the com- 
40 munication target of the second antenna from the second satellite T2 to the third satellite T3 while keeping communi- 
cation by the first antenna with the first satellite T1 . 

Industrial Applicability 

[0118] As has been described heretofore, according to the antenna control systems and control methods of the 
present invention, In the antenna device for establishing concun'ent communication with multiple communication tar- 
gets, it is possible to reduce the manufacturing cost without increase in size and weight of the device. 
[0119] Since enlargement of the device is nullified, the device becomes easy to transport and install. 
[01 20] Further, it is possible to easily establish concurrent communication with a multiple number of communication 
50 targets without needing any complicated control procedure. 



Claims 

55 1 , An antenna control system for use in a communication system made up of combination of an antenna device and 
communication targets, the antenna device of which the positional infomnation being known, comprising: 

first and second arms, which are an^anged in parallel and In a non-opposing manner on the same plane. 
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respectively having axes C1 and C2 along the same direction; 

a first antenna which is supported by the first arm so that the attitude can be directed arbitrarily with respect 
to the axis C1; 

a second antenna which is supported by the second arm so that the attitude can be directed arbitrarily with 
5 respect to the axis C2; 

a first rotating mechanism for rotating the first antenna about the axis C1 ; 

a second rotating mechanism for rotating the second antenna about the axis C2; 

an arm elevation adjustment mechanism for common adjustment of the first arm and second arm; and 

an arm azimuth adjustment mechanism for common adjustment of the first arm and second arm, 

10 

the communication targets including two communication targets T1 and T2 of which the positional information or 
movement infomnation is l<nown, the antenna control system comprising: 

a first rotational angle detecting means for detecting the rotational angle of the first rotating mechanism; 
15 a first rotating mechanism control means for controlling the first rotating mechanism; 

a second rotational angle detecting means tor detecting the rotational angle of the second rotating mechanism; 

a second rotating mechanism control means for controlling the second rotating mechanism; 

an elevation detecting means for detecting the elevation angle of the arm elevation adjustment mechanism; 

an arm elevation adjustment mechanism control means for controlling the arm elevation adjustment mecha- 
20 nism; 

an azimuth detecting means for detecting the azimuth angle of the amn azimuth adjustment mechanism; 
an arm azimuth adjustment mechanism control means for controlling the amn azimuth adjustment mechanism; 
a means D for calculating the plane P containing a triangle defined by the two communication targets T1 and 
T2 and the installed position of the antenna device, based on the installed position of the antenna device, 
25 represented by the latitude, longitude and height and the positional infomnation of the two communication 

targets T1 and T2; 

a means E1 for calculating the elevation angle ^ of the first and second arms when they orthogonally intersect 
the plane P, based on the calculation result from the means D; 

a means E2 for calculating the azimuth angle fi of the first and second amns when they orthogonally intersect 
30 the plane P, based on the calculation result from the means D; 

a means F1 for calculating the required angle of rotation RB of axis B that is orthogonal to the axes C1 and 
C2 so that the elevation angle of the first and second arms will be set at <|), based on the current elevation of 
the first and second arms, detected by the elevation detecting means and the calculation result from the means 
E1; 

35 a means F2 for calculating the required angle of rotation RA of axis A that is orthogonal to the axis B as well 

as to the axes CI and C2 so that the azimuth angle of the first and second arms will be set at 8, based on the 
current azimuth of the first and second amns, detected by the azimuth detecting means and the calculation 
result from the means E2; 

a means F3 for calculating the required angle of rotation RC1 of the axis CI so that the first antenna is pointed 
40 at the communication target Tl when the elevation angle and azimuth angle of the first and second amns are 

set at <|> and at 8; and 

a means F4 for calculating the required angle of rotation RC2 of the axis C2 so that the second antenna is 
pointed at the communication target T2 when the elevation angle and azimuth angle of the first and second 
arms are set at <(> and at 8, 

45 

characterized In that, based on the calculation results from the means F1 , F2, F3 and F4, the elevation adjustment 
mechanism, the azimuth adjustment mechanism, the first rotating mechanism and the second rotating mechanism 
are controlled so that the first antenna and the second antenna can be pointed towards the communication targets 
Ti and T2, respectively. 

50 

2. The antenna control system according to Claim 1 , characterized in that the antenna device further comprises: a 
first received signal level measuring means for measuring the received signal level at the first antenna; and a 
second received signal level measuring means for measuring the received signal level at the second antenna and 
that the timing of start of tracking is detenmined based on the received signal levels measured by the first received 

55 signal level measuring means and the second received signal level measuring means. 

3. An antenna control method for controlling the antenna control system for use in a communication system made 
up of combination of an antenna device and communication targets, the antenna device of which the positional 
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information being known, comprising: 

first and second amns, which are arranged in parallel and in a non-opposing manner on the same plane, 
respectively having axes CI and C2 along the same direction; 

a first antenna which is supported by the first amn so that the attitude can be directed arbitrarily with respect 
to the axis C1 ; 

a second antenna which is supported by the second arm so that the attitude can be directed arbitrarily with 
respect to the axis C2; 

a first rotating mechanism for rotating the first antenna about the axis C1 ; 

a second rotating mechanism for rotating the second antenna about the axis C2; 

an arm elevation adjustment mechanism for common adjustment of the first arm and second amn; and 

an arm azimuth adjustment mechanism for common adjustment of the first arm and second arm. 

the communication targets including two communication targets T1 and T2 of which the positional information or 

movement information is known, 

the antenna control system comprising: 

a first rotational angle detecting means for detecting the rotational angle of the first rotating mechanism; 
a first rotating mechanism control means for controlling the first rotating mechanism; 

a second rotational angle detecting means for detecting the rotational angle of the second rotating mechanism; 
a second rotating mechanism control means for controlling the second rotating mechanism; 
an elevation detecting means for detecting the elevation angle of the arm elevation adjustment mechanism; 
an arm elevation adjustment mechanism control means for controlling the amn elevation adjustment mecha- 
nism; 

an azimuth detecting means for detecting the azimuth angle of the arm azimuth adjustment mechanism; 
an arm azimuth adjustment mechanism control means for controlling the arm azimuth adjustment mechanism; 
3 means D for calculating the plans P containing a triangle defined by th*? r^nmrniinlnatinn targets T1 and 
T2 and the installed position of the antenna device, based on the installed position of the antenna device, 
represented by the latitude, longitude and height and the positional infonnation of the two communication 
targets T1 andT2; 

a means E1 for calculating the elevation angle 4) of the first and second arms when they orthogonally intersect 
the plane P, based on the calculation result from the means D; 

a means E2 for calculating the azimuth angle 9 of the first and second arms when they orthogonally intersect 
the plane P, based on the calculation result from the means D; 

a means F1 for calculating the required angle of rotation RB of axis B that is orthogonal to the axes C1 and 
C2 so that the elevation angle of the first and second arms will be set at <|), based on the current elevation of 
the first and second arms, detected by the elevation detecting means and the calculation result from the means 

E1; 

a means F2 for calculating the required angle of rotation RA of axis A that is orthogonal to the axis B as well 
as to the axes C1 and C2 so that the azimuth angle of the first and second amns will be set at 6, based on the 
cun^ent azimuth of the first and second arms, detected by the azimuth detecting means and the calculation 
result from the means E2; 

a means F3 for calculating the required angle of rotation RC1 of the axis C1 so that the first antenna is pointed 
at the communication target T1 when the elevation angle and azimuth angle of the first and second amns are 
set at ^ and at 6; and 

a means F4 for calculating the required angle of rotation RC2 of the axis C2 so that the second antenna is 
pointed at the communication target T2 when the elevation angle and azimuth angle of the first and second 
arms are set at (|» and at 6, 

the antenna control method comprising: 

a step of calculating the plane P1 containing a triangle defined by the two communication targets T1 and T2 
and the installed position of the antenna device, using the means D; 

a step of calculating the elevation angle (t>1 and azimuth angle 81 of the first and second amns when they 
orthogonally intersect the plane P1 based on the calculation result from the means D, using the means E1 
and E2; 

a step of actuating the elevation adjustment mechanism and azimuth adjustment mechanism so that the di- 
rection of the first and second amns represented by the elevation angle ^^ and the azimuth angle 61 will 
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orthogonally intersect the plane P1 , based on the calculation results fronn the means E1 and E2; and 
a step of actuating the first rotating mechanism and the second rotating mechanism so that the first antenna 
and the second antenna will be pointed toward respective communication targets T1 and T2, based on the 
calculation results from the means E3 and E4, whereby the first arm and the second arm and each of the 
antennae are moved to point the antennae toward the communication targets T1 and T2. 

The antenna control method according to Claim 3, wherein the antenna includes: a first received signal level 
measuring means for measuring the received signal level at the first antenna; and a second received signal level 
measuring means for measuring the received signal level at the second antenna, the method further comprising 
a step of maintaining the received signal level by starting a tracking operation when the received signal level 
measured by either the first received signal level measuring means or the second received signal level measuring 
means becomes lower than the predetermined reference value for actuating a tracking operation. 

The antenna control method according to Claim 3, wherein the antenna includes: a first received signal level 
measuring means for measuring the received signal level at the first antenna; and a second received signal level 
measuring means for measuring the received signal level at the second antenna, the method further comprising 
a step of maintaining the received signal level by starting a tracking operation of one of the communication targets 
by both the first antenna and the second antenna when the received signal level measured by either the first 
received signal level measuring means or the second received signal level measuring means becomes lower than 
the predetermined reference value for actuating a tracking operation whereby both the first antenna and the second 
antenna track one communication target. 

The antenna control method according to Claim 6, wherein in the case where the tracking operation of both the 
first antenna and the second antenna have started to track one of the communication targets, when the received 
signal levels measured by both the first received signal level measuring means and the second received signal 
level measuring means have exceeded the predetermined reference value for restarting the normal tracking op- 
eration, for a period longer than a fixed period of time, tracking of the other communication target which has been 
abandoned is restarted. 

The antenna control method according to Claim 3, wherein, when the number of communication targets is one, 
the first antenna and the second antenna are caused to acquire the single communication target at the same time 
so as to increase the transmitted signal level and received signal level compared to the case where the target is 
tracked by either the first antenna or the second antenna alone. 

An antenna control method for controlling the antenna control system for use in a communication system made 
up of combination of an antenna device and communication targets, the antenna device of which the positional 
information being known, comprising: 

first and second arms, which are arranged in parallel and in a non-opposing manner on the same plane, 
respectively having axes C1 and C2 along the same direction; 

a first antenna which is supported by the first arm so that the attitude can be directed arbitrarily with respect 
to the axis C1 ; 

a second antenna which is supported'by the second amn so that the attitude can be directed arbitrarily with 
respect to the axis C2; 

a first rotating mechanism for rotating the first antenna about axis CI ; 

a second rotating mechanism for rotating the second antenna about axis C2; 

an arm elevation adjustment mechanism for common adjustment of the first arm and second amn; and 
an arm azimuth adjustment mechanism for common adjustment of the first arm and second amn, 

the communication targets including two communication targets T1 and T2 of which the positional information or 

movement information is known, 

the antenna control system comprising: 

a first rotational angle detecting means for detecting the rotational angle of the first rotating mechanism; 
a first rotating mechanism control means for controlling the first rotating mechanism; 

a second rotational angle detecting means for detecting the rotational angle of the second rotating mechanism; 

a second rotating mechanism control means for controlling the second rotating mechanism; 

an elevation detecting means for detecting the elevation angle of the arm elevation adjustment mechanism; 
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an arm elevation adjustment mechanism control means for controlling the arm elevation adjustment mecha- 
nism; 

an azimuth detecting means for detecting the azimuth angle of the ann azimuth adjustment mechanism; 
an arm azimuth adjustment mechanism control means for controlling the amn azimuth adjustment mechanism; 
a means D for calculating the plane P containing a triangle defined by two communication targets T1 and T2 
and the installed position of the antenna device, based on the installed position of the antenna device, repre- 
sented by the latitude, longitude and height and the positional information of the two communication targets 
T1 and T2; 

a means E1 for calculating the elevation angle ^ of the first and second arms when they orthogonally intersect 
the plane P, based on the calculation result from the means D; 

a means E2 for calculating the azimuth angle 6 of the first and second amns when they orthogonally intersect 
the plane P, based on the calculation result from the means D; 

a means F1 for calculating the required angle of rotation RB of axis B that is orthogonal to the axes C1 and 
C2 so that the elevation angle of the first and second arms will be set at based on the current elevation of 
the first arid second amis, detected by the elevation detecting means and the calculation result from the means 
E1; 

a means F2 for calculating the required angle of rotation RA of axis A that is orthogonal to the axis B as well 
as to the axes C1 and C2 so that the azimuth angle of the first and second amns will be set at 6, based on the 
current azimuth of the first and second anns, detected by the azimuth detecting means and the calculation 
result from the means E2; 

a means F3 for calculating the required angle of rotation RC1 of the axis C1 so that the first antenna is pointed 
at the communication target T1 when the elevation angle and azimuth angle of the first and second arms are 
set at <|> and at 8; and 

a means F4 for calculating the required angle of rotation RC2 of the axis C2 so that the second antenna is 
pointed at the communication target T2 when the elevation angle and azimuth angle of the first and second 
arms are set at ^ and at 6. 

♦K« ontAnno coHtro! !T!Sthod comprising: a system whereby one of the communication tarnptA to hft commu- 
nicated with is switched from the communication target T2 to a communication target T3 which is located in 
a direction different from the communication target T2, - 

a step of calculating the plane P2 containing a triangle defined by the communication targets T1 and T3 and 
the installed position of the antenna device, using the means D; 

a step of calculating the elevation angle 4)2 and azimuth angle 62 of the first and second amns when they 
orthogonally intersect the plane P2 based on the calculation result from the means D, using the means E1 
and E2; and 

a step of rotating the first antenna when the armelevation adjustment mechanism and the arm azimuth ad- 
justment mechanism are actuated, in a manner that the direction of the first antenna being pointed at the first 
communication target T1 remains as is, canceling the influence on the direction of the antenna due to change 
of the elevation and azimuth of the arm, whereby the communication target can be switched from the com- 
munication target T2 to the communication target T3 while communication with the communication target T1 
is maintained. 
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